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STATIC STABILITY AND CONTROL O F  cAE;IARD CONFIGURATIONS 

AT MACH - FROM 0.70 ICO 2 .z - LONGITUDINAL 
CHARACTERISTICS OF A TRIANW WING AM) CANARD 

By John W. Boyd and  Victor L. Peterson 

Results of an investigation of the  static longitudinal stability 
and control  characteristics of a canard airplane  configuration  are pre- 
sented  without  analysis  for  the Mach number  range of 0.70 to 2.22. The 
configuration  consisted of a trihgular wing and  triangular canard, both 
of aspect  ratio 2.0, a low-aspect-ratio  vertical tail, and a fineness 
ratio 12.5 Sears-Hawk body.  The hinge Une of the  canard was in the 
extended wing chord plane, 1.21 w i n g  mean  aerodynamic  chords  ahead  of 
the  reference  center of moments. The ratio  of the area of the  exposed 

presented at angles 05 attacko- f r o m  -6O to +IS0 for  the  canard 
set  at  angles f r o m  -5 to +3O with  the w i n g  both on and off .  Data are 
also presented f o r  the same angle-of-attack range with the canard off 
and the wing on and off .  

m canard panels to  the  total  area of the wing was 6.9 percent.  Data are 

. 

The  trend of modern aircraft to fly  larger portions of their 
missions at supersonic speeds is raking it  increasingly  important  to 
devise  configurations  which are efficient  at  these  speeds. While the 
conventional tail aft  and  trailing-edge  flap  controls  are  usually  satis- 
factory  at  subsonic  speeds,  their  inherently  short  lever  arms  coupled 
with  their  large  reductions in total lift  and  their high drag  at  trim 
conditions  severely  restrict  maneuverability at supersonic  speeds.  The 
canard  arrangement  appears to offer a means of e.lleviatlng  some  of  the 
problems  associated  with tail aft and trailing-edge flap controls at 
supersonic speeds. High fineness  ratio  bodies  required  for  supersonic 
flight make possible Urge tail volumes with  canard  controls, a factor 
which  aids  in  reducing  the  deflection  necessayy  for  trim  and  the associ- 
ated trim drag. Further, in contrast  to  trailing-edge flaps, when a 

a 
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canard  surface is deflected  for  trim  the  net  lift  is  not  reduced  below 
that  of  the  wing-body  combination. In addition to the  aforementioned 
advantages of the  canard  in  providing  attitude  control,  the  possibility 
also exists that the  canard  can  be used for  controlling  the aerodpamic 
center  movement. 

Previous  studies  have  shown  that  the  canard  arrangement ha6 some 
deficiencies,  particularly  at low speeds. As pointed  out in reference 1, 
these  include  the  inability of the canad to  provide  trkn at the maximum 
lift  required  for  take-off and the  adverse  effect of the canard on the 
directional  stability  characteristics at high  lift  coefficients.  However, 
cansidering  the  possible  gains  to  be  realized  fram the canard  arrangement 
at supersonic  speeds,  further  studies of these  arrangementa are warranted. 
Therefore,  an  extensive  research p r o w  aimed at determining  the  static 
longitudinal  and  directional  characteristics  of  several  canard  configura- 
tions has been  undertaken  by  the NACA. To expedite  publication,  results 
from  each of various parts of  the  Ames  Laboratory program are being 
reported  separately  without  analysis. This report presents  the  stability 
and control data for one  ccrmplete  configuratian and its  component parte. 
The  configuration  consisted of a triangular  wing  and  triangular  canard, 
both  of  aspect  ratio 2.0, a Sears-Haack body of  fineness  ratio 12.5, and 
a law-aspect-ratio  vertical  tail. 

NOTATION 

mean aerodynamic  chord  of  wing, f t 

mean aerodynamic chord of canard, ft 

canard  root  chord, ft 

drag  coefficient, - 
drag  coefficient at zero lift 

lift  coefficient, - lift 

lift-curve  slope, taken through zero angle of  attack, per deg 

pitching-moment  coefficient, pitchi% , referred to 

drat3 
s i  

ss 

SST 
projection of the 0.215 point on the  fuselage  reference Yne 

, referred 
to projection  of 0.3Fc point on the  Rzselage  reference  line 

canard  hinge-moment  coefficient, canard  hinge moment 
ssc (CCP 1 
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czC force  coefficient normal to canard., canard adrmal force ss 

(g)- - lift-drag  ratio 
M free-stream Wch rider 

¶ free-stream  dynamic pressure, l.b/sq ft 

S wing area formed by extending the leading and  trailing  edges 
to the  plane of symmetry, sq ft 

SC exposed canard area, sq ft 

a angle  of attack of wing mot chord,  deg 

6 angle  of  deflection of the mrd with respect to the  extended 
wing chord'plane,  positive  when tmiling edge is down, deg 

Configurations are denoted by the  following  letters used in 
combination: 

C canard 

v vertical tail 
8 

W 

Test  Facility 

The  experimental data were  obtained  in  the Ames 6- by 6-foot 
supersonic w3nd tunnel  wJxLch  is a closed-circuit  nriable-pressure  type 
with a Mach  number  range  continuous  from 0.70 to 2.22. A recent  modifi- 
cation  involved  perforating  the  test  section  floor and ceiling and adding 
a boundary-layer remow system to enable uniform f l o w  to be  maintained 
at transonic and low supersonic  speeds. At the same tSme injector flaps 
were  installed downstream of the  test  section ta extend  the  upper  Mach 
number  limit by reducing the  required  campression  ratio  across  the  nozzle 
and by better matching the  weight f l o w  characteristics of the  nozzle with 
those  of  the  compressor. 

Analysis of the results of 89 extensive survey of  the  modified  wind- - tunnel  characteristics,  although  incomglete,  is  sufficiently  complete  to 
establish  the  validity of the  results of the present  investigation. 
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Description of Model  and  Balances 

NACA RM A57515 

The  sting-mounted  model  (fig. l(a)) consisted  of an aspect  ratio 2.0 
triangular  wing, an aspect  ratio 2.0 aJ1-movable  triangular  canard,  and 
a low-aspect-ratio  vertical tall all mounted on a fheness ratio 12.5 
Sears-€hack  body. A dimensional  sketch  of  the  configuration  is shown 
in figure l(b). The wing and  vertical  tail had NAG4 0003-63 sectione 
streamwise and the  canstant  thickness  canard,  detailed in figure l(c), 
had beveled  leading  and  trailing  edges.  'phe  canard  which was pivoted 
about  the 0.35 canard mean aerodynamic  chord was mounted in the  extended 
wing  chord  plane 1.21 wing  mean  aerodynamic  chords  ahead of the  reference 
center  of  moments (0.23.F). The  ratio of the  area  of  the  exposed  canard 
panels  to  the total area of. the  wing was 6.9 percent and the  ratio of 
the  total  areas  was 12.9 percent.  The  wing,  canard,  and  vertical  tail 
were  of  solid  steel  construction  to  minimize  aeroelastic  effects. The 
surfaces  were  polished  to  give a smootb surface and further  treated to 
prevent  corrosion. 

The  fuselage was cut  off  as  shown In figure l(b) to  accommodate  the 
s t i n g  and the six-camponent'stmin-gage balance  which  measured  forces 
and  moments on the  entire  configuration. C a n a r d  normal forces and hinge 
moments  were  obtained f r o m  a two-component  strain-gage  balance  mounted 
in  the  nose of the  fuselage.  The  canard, wing, and  vertical t a i l  were 
removable,  enabling  data  to  be  taken  which  would  permit an evaluation 
of  the  contributions  of  each of the  component  parts of the model and the 
interference  between parts. 

Range  of  Test  Variables 

Mach  numbers of 0.70, 0.90, 0.93, 1.00, 1.05, 1.10, 1.30, 1.50,' 
1.70, 1.90, and 2.22 and angles of attack ranging from -6' to +IS0 were 
covered i n  the  investigation. Data were  obtained  with  the  canard  set at 
angles  from -5' to +30° w i t h  the w3ng on and  with  the w i n g  off. The 
exact  canard  deflection  angles  are  noted in tables I and 11. Data were 
a l s o  obtained  with  the  canard  off  for  the  wing on and off. The  test 
Reynolds  number  based on the w i n g  mean aerodynamic  chord was 1.84 mfllion 
at lvIach numbers  of 0.93, 1.00, 1.05, and 1.10 and 3.68 million  at all 
other  Mach  nmibers.  The  smaller  Reynolds  number  at  transonic  speeds was 
necessary  because of model  structural  limitations. 

For the  relatively l o w  Reynolds  numbers at which  most  WFnd  tunnels 
operate,  extensive  regions of laminar f low exist on d e l e  at zero  lift. 
At lifting  conditions  the  transition  points on the wing, canard, and 
vertical tail usually move forward, thus causing a change in the friction 

a 
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s 
drag  with  changing  lift  coefficient  which  is  difficult to evaluate  and 
moreover not necessarily  representative  of f u l l  scale. In order to 

diameter  wire was placed an the  wing  and  0.005-inch-diarceter whes were 
affixed to the canard and vertical  tail  in  the  locations shown in fig- 
ure l(b) . When  the  model was tested with  the canard off a 0.010-hch- 
diameter wire was located on the body 4 inches f r m  the  nose.  The wh?e 
sizes  were  selected on the  basis  of  the  results of reference 2. Although 
there  is no conclusive  evidence as to the  magnitude  of  the  form  drag 
increment  contributed by the  transition  wires,  prevfous  studies  have 
indicated  this  increment  to  be  not  more than 0.0010. All of the data 
presented  herein  are with transition fixed. 

" induce  transition  at  fixed  locations on the  component  parts, a 0.010-inch- 

Reduction  of D a t a  

The data presented  herein  have  been  reduced  to s k & a d  NACA coeffi- 
cient form. The  pitching-moment  coefficients  were  referred to the 0.21 
point of  the wing mean  aerodynamic  chord.  This  location was chosen  to 
give a r o b h a m  static  margin  of 0.09 in the range of trim lift coeff i- 
clents  between 0 and 0.6 throughout  the  Mach mmiber range investigated. 
The  canard  hFnge  moments  were  computed  about 8 hinge  line  located  at  the 
0.35 point of the canard mean aeroaynamic  chord.  Factors  which  affect 
the  accuracy  of  the  results  are  discussed  in  the following paragraphs. 

s Stream  variations .- Surveys of the  stream  characteristics  of  the Ames 
6- by  6-foot  supersonic wind tunnel  showed  that  in  the  region of the  test 
section,  essentially no stream  curvature  existed Fn the pitch  plane  of 

than &I- percent of the  dynamic  pressure. This static-pressure  variation 
resulted in negU@ble longitudinal-buoyancy corrections  to  the  drag  of 
this  model;  therefore, no corrections  for  stream  curvature or static- 
pressure  variation  were  made in the  present  investigation. 

- the  model  and  that  the axial static-pressure  variations  were usually less 

From a test  of the model in tple n o m  and inverted  attitudes, a 
stream angle, which was less  than 0.3O throughout  the MEtch nuniber range, 
was  found to exist in the  pitch  plane.  The data presented  herein  have 
been  corrected  for  these  stream angles which  correlated  closely  w5th 
those  obtained from a cone  survey. 

Support interference.-  The  effects of model  support  interference on 
the  aeroaynamic  characteristics  were  consider& to consist primarily of , 
a change in the pressure  at  the  base of the d e l .  However,  the drag 
data presented  herein  contain no base  drag  component  since  the  base  pres- 
sure  was  measured and the drag was  adjusted  to  correspond to a base  pres- 
sure equal  to  the  free-stream  static  pressure;  therefore, no corrections 

m were  made to account  for  support  interference. 
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Tunnel-wall  interference.-  The  effectiveness of the  perforations 
in  the  wind-"mel  test  section in preventing  choking adabsorbing 
reflected  disturbances at transonic and l o w  supersonic  speeds has been 
established  experimentally.  Unpublished data from  the  wind-tunnel Cali- 
bration  indicate  that.reliable data can  be  obtained  throughout  the  bbch 
number  range if certain  restrictions  are  imgosed on the  model  size and 
attitude.  The  configurations  and  methode  of  testing  used in the  present 
investigation conform to these  restrictions so that  the data at  transonic 
and low supersonic  speeds  are  reasonably  free  of  interference  effects. 
Thus, no corrections for wall  interference  have  been  made. 

The results  are  presented in this  report  without  analysis in order 
to expedite  publication.  Figures 2 through 4 present  representative 
data f o r  only  the  configuration  with  the w i n g  on, whereas all of the 
data  taken  with  the wlng on and off  are  tabulated in table I and table 11, 
respectively.  Lift,  drag,  and  pitching-moment  characteristics  with the 
canard on and  deflected and with the canard off are  presented f o r  several 
test  Mach  numbers in figure 2. Figure 3 shows  the  variations  of  canard 
normal forces and hinge  moments as a function of angle of attack  at 
constant  canard  deflection  angles.  Presented in figure 4 are  the  lift- 
curve  slopes,  maximum  lift-drag  ratios, minimum drag  coefficients,  and 
the  aerodynamic  centers as a function of Msch  number f o r  the canard on 
at  zero  deflection  and for the  canard off. 

Ames Aeronautical Laboratory 
National  Advisory  Connnittee  for  Aeronautics 

Moffett  Field,  Calif., Oct. 15, 1B7  

1. Driver,  Cornelius:  Longitudinal and Lateral  Stability and Control 
Characterfstics of Two Canard  Airplane  Configurations  at Mach 
Numbers of 1-41. and 2.01. RAM RM L56Ll.9, 1 9 3 .  

2. Winter, K. G., Scott-Wilson, J. B., and Davies, F. V.: Methods of 
Determining and of Fixing Boundary Layer  Transition on Wind Tunnel 
Models  at  Supersonic  Speeds. R.A.E. TN Aero. 2341, British, 
Sept. 1954. 
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‘IIABI;E I .- BODYNAMIC CHARACTERISTICS WIT TBE W I N G  ON - Continued 
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. a 6 5  .ootr6 -. 0187 -.Ea 

-.0920 
-.127k 

- 

- 

c, 
0 . W 6  0 . m 6  -0.0118 
.mu .0280 .003& 

.OlW -0115 
.OU5 .OO% . O m  
.0&33 -.0128 .0399 
.IO87 -.W& -0593 
-2152 - .ah8 . m 6  
.3529  -.1262 .a60 

0.0% O.OSe.5 -0.0113 
.0191 .om .a05 
.ole5 .0193 .0116 
.Ml& -.0059 .om6 

-1206 -.m -0% -.Oh9 -0389 

.am -.lo99 
.os73 

.ma -.1225 .w 
-3h75 -a1334 -0915 

M 
* E  

1.30 -6.1 
-2.0 
0.0 
2.0 
6.0 

10.0 
rL.1 

18.0 
16.1 

1.70 -6.3 
-2.2 
-0.2 
1.8 
5.8 
9.8 

U.8 

17.9 
15.9 

2.22 -5.8 
-1.7 

2.3 
-3 

10.2 
6.2 

Llr.lr 
16.3 
a . 3  

.I. -0.291 0 . W  

.m 

.an -036 

.a90 -7% 

,0982 .&72 
.17m -658 
.ow9 

-0.m 
m 7 3  -.m .om -.012 

0.0387 

,062 .0172 .pa .wI1 
-368 * 4 8 3  
-512 .m1 
.650 . 2 m  
.Sa2 .1789 

-0.100 

-533 a 1 8 8 9  
.b& .15H 

J225 .L26 
.06* .y2 .om .19& 
.0159 .41 
.om .mp .w -.m 

0.0298 

,0172 

.OS7 -e0333 

. a 8 3  .WO3 

.OW3 

-.om2 .Ca -.om .w5 
-.lo9 .&93 -.m .m47 

-.ob75 .&52 
- . 4 7 4  I .c#% 

- 
Chc 

0.0m 
-.om 
-.0w0 

- . m 2  
5 4 1 2  

-.1822 

-. a 5  
-. 2312 

-.V& 
0 . W  -.om -.Om -.m -.ma -. m 
-.s -.nm 
0.0272 
-.a15 -. 0301 
-.w3 -.OB16 -.w 
- . 1 W  
-.1627 
-.175% 

- 

-.lam 

- 
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TABLE I. - PIERODYNAKCC CHARACTERISTICS W I T H  TBE WING ON - Continued 
(f) BVWC, 6 = 9.70 

" 2  
3.70 

4 . 2  
-6.3 

-2.2 

-0.3 
-0.8 

1.8 
.2 

3.7 
5.7 
7.8 

n . 7  
9.8 

15.8 
17.8 

).%I 
-2.1 
4.0 

-0.5 
0.0 

.5 

Ir.0 
2.1 

6.0 
7.9 

10.0 
12.1 
U.1 
18.1 
16.0 

t.m -5.9 

-1.8 
-3.8 

-0.L 
.I 
.2 

L.1 
2.2 

6.1 
8.2 lo. 2 

12.2 

16.2 
11r.2 

l8.2 

!.lo -6.1 
4.0 
-2.1 
-0.6 
-0.1 

.5 
2.0 
L.0 
6.@ 
8.0 

12.0 
10.0 

11r.l 
16.0 
18.0 

- 
0, 

+.X6 
-.159 

- -037 
-.098 

"016 
-007 
-070 
.1& 
.273 

A99 
.387 

.&2 
-610 

.96l 

-0.a -.lot 
-.m 
"032 

. a 5  

.OU 

.I88 . Pl 

-5% 
.Im 

.El0 
-680 

1.W 
.a 

-0. a 9  
-.219 -. 101 
-.027 
-.001 
A26 
-105 
.209 
.330 .m .562 .680 
-785 

.981 

.a86 

-0.3w 

-. lll -. 2l9 
-.039 -. a32 

.m 

.011 

.m .305 .u . 5los 
659 

.755 

.SOB .a31 

- 

- 

0.&7 I 0.0626 
.02% .m 
.0160 .ctm 
- O W  -0395 .olw .OM2 
-0153 SO363 
-0175 .03l6 .0253 .02M .w .0199 
.07U -0171 

-1155 .Wh7 
.lW .w95 
.2538 -.01W 
-3221 "0279 

0.0254 0.0591 
-0165 .Ohn 
. O S 2  -0395 
.Os2 .OWL 
.0159 .O,% 
.OM9 .0283 
-0281 .om ~~ 

. a 2  .Wj3 

.w93 -.m62 
-1186 -.om 
-1665 -.W8 
.nn -.om 
.283& - . la  
-3582 -.139l 

0.05l8 0 . w  
A325 .W83 
A2332 -0530 
-0212 .0397 
-0216 . 0 3 9  .om5 .02& 
.m ,0115 

. m 2  -.w .0353 -.om 
-0898 -.Oh22 .w -.0595 
-436 -.Om 
.m1 - . o a  

A 9 3  -.la5 
. s 5 3  - .la 

0 . m  I 0.2061 

-0832 "0353 .Eo5 - . a t 2  
-1656 -.0763 
.2u8 -.ow .%bo -.os87 
-3222 -.lo60 

-0.0088 
-.om 
"0523 
-.a76 -.om 
"0963 
-.m 
-.ll93 
-.ut33 
-.L592 
-.1782 -. 2029 
"2239 
"2092 

-0.0380 
-.&O 
-.Os52 

-200s 
- .W8 

-.1% 
-.12h7 

-.1W 
"20% -. 2361 -. 2m 
-.2050 -. 2lh8 
- .a58 

4.0127 -. 0% 

-dm38 
-.&9 

-.0929 -. 1Mx) 
-.12as 
-.Is53 

-.=!a -.zm 

-. 2803 -. 2 9 3  
-.w 
- .x33 
-.3275 

-0.0131 
-.0328 -.& -.os57 -.m 
-A%? 
-.X217 

-.lm -.% 
-.as5 

"2693 
-. 2wrL 
-. 25% -. 3051 
-.3273 

- 
=I - 

-h.o 
-6.0 

-2.0 
-0.5 
0.0 

.S 
h.0 
2.0 

6.0 

10.0 
8.0 

12.0 
lh.0 
16.1 
18 .I 

-6.3 
4 . 2  
-2.2 
-0.8 
-0.2 

1.8 
. 3  

5.8 

9.8 
11.9 

15.8 
17.7 

-5.8 
-3.7 
-1 .a 
-0.5 

-3 

&2 
.7 

6.2 

10.2 
8.2 

12.2 
U . 2  
16.3 
18.3 

3.8 

7.8 

u . 8  

- 
CL - 

Q. 288 
-.1m -. 092 
-.O28 
"007 

-013 
. 4 7  
.170 
.45 
A73 
-377 

.!a 

.652 

-8% 
. 7 u  

0.238 -.m 
-.On -.WE 

"009 
sa8 

.136 

.a6l 

.220 

.29& 

.m 

.sSl .a 
0.173 
"113 
- . a 9  -.a .m 

-132 
.025 
.1B 
.255 
. P 3  
. x 2  .m 
.LTT 
* 532 

:E 

0 . W  
.0279 
.OK& .ol9l 
.m93 
.a97 
. o m  
-0227 

.db97 

.W53 
-1057 .m7 
-1835 .us 
-29l.7 

0.03sI 
-02% 
. a 3  .oleo .om 
.OB3 .om 
-0278 .olrM 
-060L .w 
-1139 .1Lm 
.IS% .n50 
0.0303 
.m 
.a68 
. o m  
.ol& .om 
.02& 
-0389 .m .wM 
.0993 .w .m - 19h7 

c, 
0.0886 

.0595 .m 
-0352 
.0386 

. O X l  

"0335 
. Ol71 

-.0m5 
- .a82  
--033l 

-.0n0 
-.0623 
-.m 
-.lU 

0.072h 
. O W  
* a 5 2  
-0368 
-035 . 0,w 
.m 

-.WR 
-0059 

-.O& 
"0266 
-.037l -. OLal 
- . o m  
" 0 6 7  

0-0523 
.0ut2 .om 
.0277 .Om 
.0232 

-.W17 
-0052 

-.0088 -.om -.02a -.0280 
-.0%3 
-.Om 

0" 
.W95 .ol@ 
-0225 
.ma49 
.0263 
-0319 
-03% 
. a 3  
. m 9  

.0661 .ma 
A783 .a% 

0.- .m 
. O l S  
.Om 

.0a2 
-0227 
. a 7 3  
-03% 
-0386 .ouo 
.0b93 
.0p12 
-0590 
.&33 . 057L 

O.& 
.m146 
.0u7 
.0176 
.a88 
. O m  
.a59 

.0x9 

.03a 

.am .w 

.0w2 

.05m 

.0562 

-0.0093 -. 0369 
-.063Ir -.c8,9 
-.w 
-.1m1 
-.la -.m 
-2732 
"2018 
-.w -. 2ws -. 2625 
- .a71  -.m 

-0.0063 -.m -.c52l 
"0692 
- .452  -.w 
- . O m  
"1208 
-.llIlO 
-.l622 
-.182& 

"2187 
-. 2037 
-.23&6 -. 252L 

-0. O U  
-.026L 
"0157 
"0602 
-.om 
-.@sa3 
"09a 
"1120 
"12% 

-.1592 
-A35 
-.1728 
-.la71 -.2oLro 
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( g )  BVWC, 6 = 19.5' 
- 
CD 

0.06oO 
- 0 3 9  

.ow -03% 

-0732 . lkss .w 
.3762 

0.06oO 

. o m  
-03% 

.om 

.0701 

-2367 
-1386 

.3385 

D.aQ5 
. O X 1  
- 0 3 3  .om 
.M25 
,1228 
.2015 

- 

- 

- 
0, 

- 
c, 

O . l U 3  

.0678 

.os99 

-.0069 
.w 
-. 03a7 
-.om8 
4 2 %  

0.137L 

.M97 

.09P 
.0&65 .oooo 

-.ow2 
-.om3 
-.lOSI 

3.3229 .o800 
. m 3  
.0631 

.rX17 
-.O31h 
-.w 

- 

- 

- 
% - 

-0.1211r 
- 3 2 2  
-.Po6 -.2&22 
-3332 
- 3 3 9  
-.32ll 

-0. U 6 9  
-.1768 -. 202l 
-.2263 
-.49 -. 31ll 
-.331h 

-0.1098 
-.I632 

-.a33 
-.la63 

-. 2582 -. 29w1 
- . 3 s  

-. 2958 

-. 3171 

- 

- 
H 

L . 7 0  
- 
- 

a, 
dee 

-6.3 
-2.2 
-0.2 

5.0 
1.8 

9.8 
13.9 

-5.8 

2.3 
.3 

- 

17.8 

-1.a 

- 
% xzi 

-.15 -.2LB2 
-.1m 

-. 2tTo -. P o 9  

2855 

-0.0728 -.w -.l228 
-.use -.I393 -. a335 -. 2llu -.am 

-.an 

-0.343 - .lo1 
.lob 
.325 .566 
.783 .9YI 

-0.33l -.lU -.008 
.08h 
.293 
.539 .Ti% 
.¶5 

-0.286 
-.OBI -.m 

.w3  

.a53 
A69 
.65l 

.m3 

- 

- 
9, 

-0.322 
-.Om . 032 
. x 7  
.a 
.%h 
-5-77 
-70.5 

-0.316 -. 102 
-.m 
.a5 .m . S36 
.769 .m 

-0.a69 
- . a 2  

.m 

.ooo 

.261 

.L67 
658 

- 

- 

-0.232 -.& -.m .a 
.217 . -358 
.!a2 .a 

-0.161 -.a3 . 016 
.069 
.I97 .3w 
532 

. le2 

- 

o.oL58 I 0.1020 

10.2 
1h.3 
18.5 

-2.0 
-0.0 

6.0 
2.0 

10.1 
1L.2 
18.0 

2.22 0.039 0.0765 .om .0566 
.OZ% .O&% 

.0&99 .O& 
,0288 .0335 

.as% -.0035 .x397 -.om .2l= -.0255 
10.5 
6.3 

u . 2  
10.L 

10.1 
1L.1 

w a, 
deg 

1.00 -5.9 
-L 8 

2.2 
.2 

6.2 
10.2 
111.3 
18.2 

1.10 -6.0 
-2. I 
-0.1 
2.1 

10.0 
6.0 

lk.0 
18.1 

1.30 -6.0 
-2.0 
.1 

2.1 

10.0 
6.0 

13.9 

(h) BVWC, 6 = 29.6' 

c, 
0.1729 

.Om 

. U& 

.oow ,0622 

-.ow7 
-.0935 
-.la 

0.172l 
.In8 

.m 
-.m9 
.0093 

-.lo25 -.lln 
3.11r% .lo31 .ow .06Ol4 -. 0305 . 0ll& 
-.073L 

.we1 

0.0566 -0.- 
,0755 -.3m 

-.33n 
.Mh7 - . 3 m  .m -.m .0927 - A 7 6  .om -.%% 

o.oSk2 -0.m .0656 -.a25 
.4m -.297L 
.W62 -.3159 .oBu -.3090 
. a 5 2  -.3211 
.0871 -.32R 
.om -.m 

.O70k -.3000 



.. . - 

I I. 

L; 
.lo 

-2.3 
4.3 
-6.3 

-0.8 
-0.3 

.2 

3.7 
1.7 

5.7 
7.8 
9.8 
11.7 
9.7 
15.7 
11.7 

.m -6.0 
4.0 
-2.0 
-0.5 
0.0 

.2 
2.0 
h.o 
6.0 

m.0 
8.0 

U.0 
I k O  
lb.0 
L3.0 

.% 3:: 
:: 

-1.9 
4 . h  

2.l 
IC1 
6.1 

1D.1 
0.1 

U.1 
lk.1 
16.1 
111.1 

- 
i; - 

-5.9 

-1.8 
-3.8 

4 . 3  
.e 

2.1 
.7 

6.2 
kl 

10.2 
8.2 

l2.1 
lh.2 
16.2 
M.2 

-6.0 
-3.9 

::I 
.l 

2.0 
.5 

6.1 
Ir.1 

10.1 
8.1 

$2 
-h.O 
-6.0 

-2.0 
-0.5 
-0.0 

.5 

ii 
2; 
8.0 

10.0 

10.0 - 

- 
c, 

-.O% 
-.m 
-.op .mo 
.OY .m 
-233 .ah8 .h7l .m .e4 
,159 .906 .sm 

d.30 
-.w 
-.w -.a 
-.w3 .m 
.E7 
.lo9 
.I% :g 
$2 

0.322 
-.XI3 
-.m 
-,ma 
.OpB 
.ml 
.a . a6 
.329 .h5Q 
* 555 :E 
.533 - 

c, " 2  
o.ow0 1.w 4 .1  .w .m66 -2.0 

-b.O 

.w5 -.ax@ -0.5 
-0.1 -.ma .5 -.om6 2.0 

-.0%7 
-.o% 

6.0 
3.9 

-.w 8.0 
l0.0 
12.0 
9.9 -.m 

-27% 
l6.0 
111.0 

0.09% 1.50 -6.2 .om .a 44.2 

.om -2.1 
-0.6 .w -.ma -0.2 

-.o* ' 1.8 
.4 

-.m -.m 3.8 
5.9 

-.1W 7.9 
9.9 

U.0 s.9 
11.9 

0.0966 1.70 -6.3 .m 44.3 .m -2.2 
,0088 -0.0 .m -0.2 

-.m3l -.& .3 

-.@5 
1.8 

-.a 
3.0 
5.8 

-.us -.w 1.0 

4 7 2 1  
9.8 

u.0 -. 2129 -.w u.7 
-.w 

1s.0 
17.8 

%J 

::g u . 9  ::m 

- 
.& - 

-6.0 

-1.9 
4.0 

-0.5 
.1 

2.0 
.5 

6.0 
Ir.0 

10.1 
8.0 

l2.0 
IL.0 
16.0 
18.0 

-5.8 
-3.8 
-1.7 
-0.2 

.3 

.1 

h.2 
2.2 

6.2 
8.3 
10.2 
12.2 
lh.2 
16.2 
18.2 

..  .. .. . . . . . . - 

I 1 

. . 



. .  

P 
.F 

- 
a, 
dcs 

-5.8 
-3.8 
-1.8 
-0.3 

.P 

2.2 
.8 

11.3 
6.2 

M.2 
8.2 

12.3 
lJl.2 

u.3 
16.3 

-6.0 
-3-9 

- 

2:l 
-7 
.1 

E 
8.1 

10.2 

lJl.1 
12.1 

16.2 
18.2 

4.1 
-3.9 
-1.9 
-0.5 

.1 

.5 
4.1 
2.0 

6.0 

M.1 
8.1 

12.0 
l L 0  
16.2 
u.1 - 

- ", 
dag 

-6.0 
4.0 
-1.9 
-0.5 
0.0 
.6 

h.1 
2.0 

6.0 
8.0 

10.1 
12.0 
lIl.1 
16.1 
18.1 

-6.1 
4.1 

-0.6 
-2.0 
-0.1 

L 

h a  
5 9  
7.9 

11 ..9 
9.9 

l3-9 
1 6 d  
18.0 

-5.2 
-4.1 
-e?l 
-0.7 
-0.1 

.h 
1.e 

5.8 
3.9 

7.8 

11.8 
9.0 

u.9 
s . 9  
17.9 

(85 

- 

- 
a. 
b8 

-6.0 

-1.8 
-3.8 

-0.5 
.2 
.6 

2.0 
4.1 
6.0 
8.1 

10.1 
12.1 
lh.1 
16.2 
18.2 

-5.7 
-3.6 
-1.7 
4.2 

.3 

.8 

b.3 
2.2 

6.3 

10.3 
8.3 

11.3 
14.3 
16.11 
18.11 

- C L 4  
0.0% 0.- 
-.w .as -.w 

.om 

.m?a "om .w -.om .w5 -.an .w3 -.m3 

.m3 .w 

.a0 .ma9 .a .owI .DL? .a .ma .mm 

.OS .ma 

.oh7 .a91 
am2 0.m44 -.cd .au9 -.a 9120 -.a 
-.a5 

.a02 
-.ax .w .m9 

-.me OIlP .Mp .m .a& .Dl06 .w9 .oll.ll .cah .am .ml .olll5 .ai9 .om 

.ms .mi 

:% 

:% zY4 

: z  
+.Dl3 

.0122 -.a0 0.0112 

-.& .a09 

-:a 
.mw .m 
.a03 -.om 

.mw .MB .mol .m3 

.ma 

.ox 

.a .a7 .ma3 .OB 

.On7 :z :% 

- 
-0.014 -.m -.wR 
-.coif -.owe 
.KG 
.OD35 .M8; 
.mse .m 
.m 
.m 
.Om .w 
.O* 

6.016 
-.m 
-.oob 
-.m3 
-.m3 

-.ooh 
-.mi .a :z 
A35 

.M6 .a 

.oe) 
+.@I6 
-.m 
-.w -.m 
-.m3 
-.a 
.an 
.m5 .011 
.a7 .M8 
.dIl 
.Ea 
.075 
.093 

o.oM3 
.ma9 .m 
.w9 .w9 
.w 
.OX6 
.w79 
.a83 

.w 

.OW 

. o m  
.0353 

0 . m  
.m 
.w3 

.W70 

.a070 

.On0 .a@ 

.mb 

.m69 

. w 3  

.m9 
-m57 .on3 
-0289 
.0372 

2% 
1; 3. ;: 
5.7 

.a 9.8 

.m 11.8 

.OD1 7.8 

.w 

l 3 . B  .a29 
l5.8 .cM 
17.9 A .3  

4.0 

.m -0.5 
-.m -1.9 
-.a -3.9 
-0.m 

.1 .on 

.I .m 
2.0 .m3 
11.1 .w 
6.0 .mz 8.0 

.M)9 
10.1 .a9 
12.1 .a 
lh.1 .oa 
le.1 .m 16.1 .OB 

4 .9  4.006 
-3.9 -.m 
-1.8 .am 
4 . 3  .m 

.2 -.a 
2.2 .004 .6 .Om 
k2 .aT 
6.1 .W 

10.1 .a 8.2 .ol$ 
12.1 .on 
l6.e .036 
Lh.1 .Oa 
18.3 .& 

. .. . . .  . . 



1 I. 

. . . . . . . . . . . . . .. . . . . . .. . . 

I t I 1 

- 
a, 

dag 

-6.2 
41.1 
-2.2 
-0.1 
-0.2 

1.1 
.L 

5.8 
3.9 

7.8 
9.8 

33.8 
U.8 

17.6 
15.8 

" 0  
-6.0 

4.5 
-1.9 

.2 

2.0 
.5 
h.1 
6.0 

10.1 
8.0 

19.1 
U4.1 

111.1 
16.1 

-5.9 
-3.8 
-1.8 
4 . h  

.e 

.6 

h.2 
2.1 

6.1 
8.2 
l0.2 
12.2 
Ih.2 
xs.2 

- 

18.2 - 

-0.3 .mo 
.2 .cos 
.7 -.m 

2.2 .m6 
L.2 .m 

10.P .06p 
12.3 .OM 
I h . 2  .ope 
16.3 .la 
18.3 .m 

,.6 -5.9 -0.w 
-3.9 -.os 
-1.9 -.W 
-0.4 -.@a 

.2 .a 

.I -.a 
h.1 .a8 
2.1 .my 

u . 2  .os9 
19.2 . 4 3  
u.2 .086 
16.2 .la? 
la.2 .us 

i:; :% 

i:: :% 

..lo 4 . 0  4.& 
-9.9 -.a 
-2.0 -.a 
-3.5 -.a I .I -.m 

- 
:; - 

-5.9 
-3.9 
-1.9 
-0.5 

.2 

2.1 
.S 

4.1 
6.1 

10.0 
8.1 

12.1 

16.2 
U4.1 

111.1 

-5.8 
-3.1 
-1.7 
-0.2 

.3 

.I 
2.2 
L3 
6.3 
8.3 
10.2 
1p.2 
llc3 

111.3 
16.3 

CL 

. . . .  .. . .. . 
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11.- AERODYNAMLC CHIIRBCTEZISTICS WITH !LE3 WRJG O F F  - Continued 
(c) BVC, 6 =I 4.7O 

- 
a, 

de$ 
-6.2 
-2.1 
-0.1 
1.7 
5.8 

13.8 
9.7 

17.8 

-6.0 
-2.0 

2.0 
.1 

6.0 
10.1 
1h.O 
18.1 

-5.0 
-1.8 
.2 
2.2 

10.2 
6.2 

18.3 
llr.3 

-6.1 
-1.9 
-0.1 

6.0 
2.0 

10.0 
111.1 
18.1 - 

-5.8 -0.020 
-1.7 .001 

.3 .010 
2.2 .oa 

u . 3  .065 
6.3 . a 2  

111.3 -097 
18.3 .lb 

-0283 

O.OU5 6.0235 .a99 .m?l .m .w2 

. o m  .om 

.KU5 .OM3 

.0258 .W% 

.0393 .lo32 
A593 A226 

. 



3 NACA RM A57J15 - 
TA3T.Z 11.- AERODyNclMIC C H A F & C m T I c S  W M E  TRE WING OFF - 

(a) BVC, 6 = 9.7' 

M 
des 
a, 

0.70 -6.h 
-2.1 
-0.2 
1.9 
5.7 
9.8 

17.9 
13.9 

0.90 -6.0 
-1.9 
0.0 
2.1 
6.1 

10.1 
111.1 
18.1 

1.00 -5.8 
-1.8 

-3 

6.3 
2.2 

10.2 
u.3 
18.3 

1.10 -6.0 
-1.9 

-1 
2.0 
6.1 

u.1 
10.0 

18.1 

.0108 -0367 

-0.005 
-022 - 033 .a 
.lo8 
.078 

.* -128 

-0.005 
.Om 
-035 

.45 

.a 

.l& 
-133 
-165 

-0.- .02aB 
-0379 
-0552 
. a 5  
-1226 .a77 
.1w8 

-0.o080 
.0229 
-0392 .m 
.a69  
.12U 
.SS 
.Ul6 

H 2 
L . 3 0  -6.1 

-1.9 
0.0 

10.0 
6.0 
2.0 

lIt.1 
18.1 

L.70 -6.2 
-2.1 
-0.2 
1.9 
5.9 

13.8 
9.9 

17.9 

2.22 -5.7 
-1.7 

.3 
2.2 

10.3 
6.3 

1L.3 
18.2 

- 
cn 

o.oll0 
. O W  
-0139 
.ala 

- OS7 
.053 

.0520 

.w31 

0 . m  

.0131 

.0n6 

.a!% .0225 

. O W  .om . o67h 

- 

0 . m 2  
.Oleo . Oll7 .ow .Moo .a296 .ows 
.0671 

17 

Continued 
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TABLE 11. - AERODYNAMIC CHARACTERISmCS WIm TBE WING OFF - Concluded 
( e )  BVC, 6 = 19.5' (f) BVC, 6 = ~ 9 . 6 ~  

-5.8 

.0318 .078 2.1 

.om -070 .3 

.ma .w -1.8 
0.m 0.032 

10.2 .la .w 6.2 -105 .Oh% 
l&.b 

0.019& 0.029 -6.0 
-0258 ' .OS3 -1.9 

.om2 .m 18.3 

.459 .lM 

-0.1 .063 .ow1 
1.9 .47 .0367 
6.0 .OB -0% 
10.0 .115 .a36 
l&.l . l32 .499 
18.1 -0937 .l@ 
4.0 

.0%5 .a .1 

.0222 .a5 -2.0 
0.0166 0.023 

6.0 .OBI .Oh26 2.0 .c& .om 
9.9 ,105 -05% 
l&.O .125 .415 
18.2 .l&o .om3 

-6.2 

. O m  - 4 h  5-8 

.0276 .OS5 1.8 

.02% .Oh5 -0.2 

. m 2  -036 -2.2 
0.0162 0.015 

13.8 .lo8 .a3 
9.8 .os8 .mlr 
17.9 sub  .08&2 

-5.7 

. o a  .a0 .3 

.an .on -1.7 
0.0150 0.m 

6.3 .06l .0322 
2.2 .w .a0 

10.3 -079 -0433 
lh.3 .lo3 .0589 
18.b .* .mho 

c, 
0.02% 
.Om .om 
a 3 3  
.1ll9 
J317 
.la 
.1&9 

0.0252 
.0505 
. a 2  
m71r 
. a 5  
.UO3 

-1703 
.1536 

0.0220 .ob65 
.os% . a723 
.0%7 
.w 
.1w2 
a610 

0.0182 
.0392 .ow 
.&9 
.@19 

.1211r 

.1WL 

- 

.la7 

0.0177 
-03% .m 
.OS39 .ma 
a 9 5  
.la 
.1299 

.lo -6.0 0 . a  
-3.2 .069 
.1 .46 
6.0 .OW 
2.0 .082 
10.0 .1m 
u.1 .It2 
18.2 .m 

.Y, -6.1 O.Ok3 
-1.8 .a62 

2.0 -079 
.1 .070 

6.2 .OW 
9.9 .c99 
1b.O .no 
18.1 .I29 

.70 -6.2 0.030 

-0.2 .op, 
-2.2 .a7 

1.8 .060 
5.8 .45  
9.8 .os9 

13.8 .lo5 
17.9 .I31 

.n -5.s 0.021 
-1.7 

.3 .QM 
2.3 .Os3 

10.3 . a 3  
6.3 .& 

lI4.3 .lo6 
18.5 .I38 
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(a) Photograph of mOael. 

Figure I..- Model d e t a i l s  and dimensions. 
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(a) Dimensional sketch of complete model. 

~ i g u r e  1.- continued. 
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(a) M = 0.70 
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(b) M = 0.90 

Figure 2.- ContLnued. 
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( c )  M = 1.00 

Figure 2 .- Continued. 
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(a) M = 1.30 

Figure 2.- Continued. 
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(a) M - 0.70 
Fl&re 3 .- Variatlon of canard nod forces and hinge maments as a function of angle of attack 

at constant canard deflection angles. 
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(b) M = 0.9 i2 
Flgure 3.- Continued. 
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(e) M = 2.22 

Flgure 3.- ConCLudeB.  
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Figure 4.- Variation with Mach number af maximum lift-drag ratios, lift- 
curve  slopes, minimum drag coefficients,  and aerodynamic center 
locations f o r  canard on and- off .  
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